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Root Restriction and Potassium and Calcium Solution
Concentrations Affect Dry-matter Production, Cation
Uptake, and Blossom-end Rot in Greenhouse Tomato
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Abstract. Root restriction has been reported to reduce fruit yield, the incidence of blossom end rot (BER) and K
concentration in tomato (Lycopersicon esculenturh. ‘F121’) plant organs. The objectives of the present work were to
study the effect of root restriction, and combination of K and Ca solution concentrations, on greenhouse tomato fruit yield,
quality and cation uptake. Root restriction reduced total yield but improved fruit quality by increasing the dry matter
concentration and reducing the incidence of BER. Increasing the K concentration from 5.0 to 10 mmot*ceduced the
marketable yield, due to increased incidence of BER. Root restriction decreased K concentration and K/Caratio in tomato
plant organs, but had no effect on K uptake rate per unit root fresh weight. Increasing K concentration from 2.5 to 10
mmol-L-tincreased the K concentration in plant organs and K uptake rate, but reduced that of Ca. In contrast, increasing
Ca concentration in the solution had no effect on K concentration in plant organs and K uptake rate. The incidence of BER
correlated well with K/Ca concentration ratio in the leaves, whereas a poor correlation was obtained with K/Ca
concentration ratio in ripe fruit.

Fruit quality is a crucial factor in the production of greenhouse Materials and Methods
tomatoes. In a previous experiment we showed that root restriction _ . _
decreased tomatdhycopersicon esculentyri121’) fruit yield, Tomato plants were grown in an aerohydroponic system in a

but reduced the incidence of blossom end rot (BER) in fruit (B@reenhouse, as described by Bar-Tal et al. (1994). Seven treat-
Tal et al., 1995). The effect on BER coincided with a reductionriients were applied: two root treatments (restricted in 1.0-L bag
K concentration in leaves and fruit. Using a high K/Ca ratio for t@d intact); three K concentrations 2.5, 5.0 and 10.0
fertilization of tomato plants has been reported to increase meol-L"); and two Ca concentrations ( (1.5 and 3.5
proportion of fruit showing BER (van der Boon, 1973), a phygiamol-L™* = 3 and 7 mmol(+) t}) (Table 1). The restriction was
ological disorder whose dependence on Ca concentration inanbieved by confining the roots in bags made of synthetic cloth,
fruit is well known (Ho, 1989; Ho et al., 1993; Wiersum, 1966)vhich allowed solution changes but not root penetration through
Potassium is taken up along the root (Clarkson et al., 1968) #iibag (Bar-Tal et al., 1995). Composition of the basic nutrient
can move via the phloem from leaves to fruit and back to rootssmution (the lowest K and Ca concentrations) was (mnil2.5
contrast to K, Ca uptake is limited to the very young section of tiBO,, 1.5 NHNO,, 0.7 HPO, 0.5 MgSQ; to the higher K
roots and is transported toward the xylem mainly by apopladtieatments 2.5 or 7.5 mmot'LKCI was added; the high-Ca
flux, with little translocation in the phloem (Hanson, 1982). THeeatment was obtained by adding 2 mmal@aCl, Micronutri-
major pathway for Ca supply to the fruit is a direct transport fropmts were applied with synthetic chelatmpl-L™): Fe, 27.9 as Fe-
the roots via the xylem (Chiu and Bould, 1976; Ho et al., 1998DDHA; and Mn, 10.5; Zn, 4.4; Mo, 0.3; and Cu, 0.7 as EDTA.
Wiersum, 1966). Consequently, root restriction may have a difféhe solution also contained 406nol-L™* H,BO,. The solutions
ential effect on K and Ca uptake by plants and on their transpomgre made up using tap water containing (mmdt-Na, 3—4; Ca,
the developing fruit. Thus, root restriction may affect the incidented; Mg, 0.5; Cl, 4-5; NQ 0.1-0.2; SQ 0.5-1.0. The initial pH
of BER via its effect on the balance between K and Ca uptake @hthe solution was about 6.5. The pH was monitored daily and
transport to fruit. There is no information on the combined effestgen itincreased above 7.0 sulfuric acid was added to reduce it to
of root restriction and different K and Ca concentrations in theb. The electrical conductivity (EC) was in the range of 1.7-2.3
solution on fruit yield and BER. mS-cm* (the addition of sulfuric acid for pH adjustment did not
The specific objectives of the present research were to studyahange EC significantly). The solution was renewed every 2 weeks
combined effect of root restriction and the concentrations of K amad the concentrations of K and Ca in the solution were determined
Ca in nutrient solution on a) fruit yield and the incidence of BERgfore and after replacement. In that period of tijel€creased
b) tomato plant dry-matter production; and c) K and Ca uptaketbyminimum values of 1 and 2.5 mmot:lin the low- and high-Ca
tomato plants. treatments, respectively, whilg Gecreased to minimum values of
1.0, 3.0, and 7.5 mmokt, for the 2.5, 5.0, and 10.0 mmof-L
_— treatments, respectively. Nutrient uptake was determined from the
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Table 1. A list of treatments applied in this work. Q=MW,xC, +W xC, —WxC)(txNP) [1]

Root treatment Cx (mmol(+)) Cea  where i = K or Ca, (¢ = the initial ion solution concentration

_ (mmol(+)-L%); C,, = the tap water ion concentration (mmol(+)}L
ReStr!Cted 2.5 3 C, = the final ion solution concentration after a time interval, t
Restricted 5.0 3 (mmol(+)-LY); W, = the initial water volume in the container (l);
Restricted 5.0 7 W, = the water volume added between successive replacements
Intact 2.5 3 (1); W, = the final water volume in the container at the end of the
Intact 5.0 3 specified time interval (I); t = the time interval (days) and NP is the
:2::2: 12-8 3 number of plants per container.

Nutrient uptake rate per root unit weightrhmol(+)-g*d™)
was calculated as
to 100%) throughout January, the flowers of the fourth cluster were
sprayed with commercial auxins on 26 Jan. 1993 (55 DAT). Onte= Q/[(Rt + Rt)/2] [2]
weekly selective picking of ripe fruit was carried out from 102 DAT
to the end of the experiment. The fruit of each truss were weighdtere R} and Rt = initial and final root fresh weights (g) at the
separately. Subsamples of tomato fruit from the first, fourth abeginning and the end of the specified time interval, respectively.
eighth trusses were taken for determination of dry matter percentaget fresh weight was estimated from the measurements of root
and chemical composition of the fruit. The quality parametarslume, assuming that root density is 1 gfcm
determined were: BER, dry-matter (DM) concentration and total The statistical analysis of the experimental data was carried out
soluble sugar (TSS) concentration. Root volume was determibgdhe SAS software package (SAS, Cary, N.C.) using the GLM
frequently by water displacement using a calibrated cylinder. procedure for the analysis of variance, CORR procedure for the
At the end of the experiment, the plants were separated iotorelation analysis and NLIN procedure for determination of
roots, stems, leaves and fruit. Fresh and dry weights and their Kemefficients for the nutrient uptake rate equation.
Ca concentrations were determined. Old leaves of trusses 1+2 and
3+4+5 were detached on 30 Mar. 1993 and 10 May 1993 (119 and Results and Discussion
160 DAT, respectively), and their fresh and dry weights were also
determined. For dry weight, organ subsamples were dried in @ry matter production and fruit yieldRoot restriction signifi-
ventilated 60C oven for 4 to 7 d. Chemical analysis of plant orgarantly decreased the dry weights of root, stem and leaves (about
was carried out after digestion with nitric acid and perchlora@9%) and fruit (about 20%) (Table 2). Although root restriction has
Potassium concentration was determined by flame photometerlagein reported to reduce DM production, it has been shown that this
Ca by atomic absorption spectrophotometry. reduction was not a result of nutrient deficiency (Carmiand Heuer,
Data handlingPotassium and calcium uptake rategy@nol(+) 1981, Petersonetal., 1991a; Peterson and Krizek, 1992; Ruffetal.,
per plant per day), were calculated by means of the followih§87). However, Bar-Tal et al. (1995) reported that root restriction
equations: reduced both DM production and K concentration in plant organs,

Table 2. The effect of root restriction and potassium and calcium concentrations in the solution on dry matter production by tomato plant organs (1
days after transplanting).

Treatment
C, Cea DM production (g/plant)
Root (mmol(+) Y Stem Root Leaves Total Fruit Fruit Ateaf (g)
Restricted 25 3 143 96 206 445 423 0.36
Restricted 5.0 3 142 82 210 434 408 0.35
Restricted 5.0 7 145 93 228 466 347 0.33
Mean restricted 143 90 215 448 393 0.35
Intact 2.5 3 197 135 301 633 521 0.28
Intact 5.0 3 204 132 293 629 450 0.28
Intact 5.0 7 187 129 292 608 522 0.28
Mean intact 196 132 295 623 498 0.28
Intact 10.0 3 200 123 292 615 456 0.31
LSD, o5 40.7 25 39.1 40 70 0.06
Analysis of variance
Variable df Significance
Root 1 0.0001 0.0001 0.0001 0.0001 0.05 0.0001
C, 2 NS NS NS NS NS NS
Ce.. 1 NS NS NS NS NS NS
Rootx C, 1 NS NS NS NS NS NS
Rootx C_, 1 NS NS NS NS NS NS

ZNumber of fruit per leaf unit weight.
YMean intact based on the first three treatments of intact-root plants.
"Nonsignificant aP = 0.05.
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Table 3. Tomato fresh fruit yield, incidence of blossom end rot (BER), and dry matter content in tomatoes of trusses 1 to 8, as affected by root restrict
and K and Ca concentrations in the solution.

Treatment
C, Ce.. BER Normal Total BER Normal Total DM
Root (mmol(+)-E£Y) Fruit no. Fruit fresh wt (kg/plant) (%)
Restricted 25 3 8.8 74.0 82.8 0.51 6.5 7.0 6.7
Restricted 5.0 3 4.7 70.1 74.8 0.24 6.2 6.5 7.0
Restricted 5.0 7 3.0 72.6 75.6 0.17 6.2 6.3 6.2
Mean restricted 5.5 72.2 1.7 0.31 6.3 6.6 6.6
Intact 25 3 5.7 78.2 83.9 0.38 7.9 8.2 5.1
Intact 5.0 3 11.3 71.4 82.7 0.73 7.3 8.0 4.4
Intact 5.0 7 2.8 81.9 84.7 0.12 7.9 8.0 5.5
Mean intact 6.6 77.2 83.8 0.41 7.7 8.1 5.0
Intact 10.0 3 22.9 66.9 89.8 1.37 6.6 8.0 5.7
LSD, o5 8.0 10 12 0.44 1.0 1.0 0.92
Analysis of variance
Variable df Significance

Root 1 0.015 NS 0.01 0.004 0.0003 0.0001 0.0011

C, 2 0.0001 0.05 NS 0.0001 0.03 NS NS

Cea 1 NS 0.05 NS 0.05 NS NS NS

Rootx C, 1 NS NS NS 0.05 NS NS NS

Rootx C_, 1 NS NS NS NS NS NS NS

ZMean intact based on the first three treatments of intact-root plants.
NNonsignificant aP = 0.05.

indicating a possible K deficiency effect of restricting the roots. tastriction, has been reported by Bar-Tal et al., 1995). Since the
the present work the increasing K and Ca concentrations in ithigo between the water supply to the fruit from the leaves and that
solution did not significantly affect the dry weight of any plardirectly from the roots via the xylem is the dominant factor
organ and there was no significant interaction between root resttimatrolling the Ca supply to the fruit (Ehret and Ho, 1986b; Ho et
tion and solution composition on any organ dry weight. Tlad, 1987; Wiersum, 1966), it can be considered that increased fruit
reductionin DM production following root restriction could not baumber per leaf area could contribute to an increased Ca supply to
compensated by elevating @bove 3 mmol(+)-tt or increasing the developing fruit and to reduced incidence of BER. The second
C, above 2.5 mmol-L factor to affect the incidence of BER, fruit growth, was reported by
These results indicate that the reduction in plant growth undier et al. (1993). In the present experiment we found that root
conditions of root restriction was not caused by nutrient defestriction had no effect on the timing of anthesis and on ripening,
ciency, but it was probably related to hormone synthesis ahdrefore, the growth rate of the fruit of restricted-root plants was
metabolism in the root system (Carmi and Heuer, 1981; Jackseduced by root restriction. The third factor that may affects the
1993; Peterson et al., 1991b; Richards and Rowe, 1977).  incidence of BER, the K/Ca ratio in the plant organs, will be
Fruit yield and quality Root restriction reduced the total fruitdiscussed.
yield and the number of fruit of the first 8 trusses (Table 3). The Solution composition had no significant effect on the number of
effect of root restriction on the total yield was greater than its efféetit and their total weight, but it affected the incidence of BER,
on fruit number, because smaller fruit were produced by the road through it, the marketable fruit yield (Table 3). Increasing C
restricted plants (data not shown). This is in agreement withm 2.5to 10.0 mmol-tincreased the incidence of BER from 5.7
previous results (Bar-Tal et al., 1994, 1995). to 22.9 fruit per plant and reduced the marketable fruit yield from
The major fruit physiological disorder observed in the presef.2 to 66.9 fruit per plant. Elevating @rom 3 to 7 mmol(+)-t* of
study was BER (Table 3), which occurred on trusses 6—8. Riméct root plants significantly increased the number of marketable
restriction reduced the incidence of BER as found previously (Bauit from 71.4 to 81.9 fruit per plant, because of the reduction in
Tal et al., 1995). This effect was more pronounced in Sl incidence of BER from 11.3 to 2.8 fruit/plant.
mmol-L*K and 3 mmol(+)-E2Casolution, inwhich theincidence A STEPWISE analysis (SAS, Cary, NC) of the effects of the
of BER was reduced from 11.3 to 4.7 fruit per plant, and from 0.3@idied factors on the incidence of BER showed that the incidence
to 0.24 kg per plant (on a number and weight basis, respectivaly BER-affected fruit (BLWT, weight basis) was a function of the
Therefore, the negative effect of root restriction on marketadéCa concentration ratio in the solution
fruit yield was smaller than its effect on the total fruit yield.
We suggest that three factors contributed to the reduction in théLWT = —69.8 + 543.7 gC_,, r>= 0.50
incidence of BER by root restriction:
1) Root restriction increased the number of fruit per leaf unit The effect of ¢/C_, was significant® <0.0001) and is the only
weight (Table 2). significant factor that was found to affect the incidence of BER.
2) Root restriction reduced the growth rate of the fruit. Such an increase in BER as a result of increased K fertilization is
3) Rootrestriction reduced the K/Caconcentration ratio in the plamisll documented (van der Boon, 1973; Winsor and Adams, 1987).
The shift in the fruit/leaf ratio probably reduced the transpira- A STEPWISE analysis of the total fruit yield (TOTALWT) as
tion through leaves relative to fruit (a high correlation between leafunction of root treatment and solution composition yielded the
weight and leaf area in greenhouse tomato, independent of fotlbwing equation:
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Table 4. The effects of root restrictior,,@nd G, on K concentration in tomato plant organs (171 days after transplanting).

Treatment K concn (mg-y
C, Ce. Leaves of trusses Fruit of trusses
Root (mmol(+)-LY Root Stem 1-2 3-5 6-8 1 4 8
Restricted 25 3 24.2 28.0 55.4 39.2 31.6 48.8 38.0 30.1
Restricted 5.0 3 31.1 28.6 59.5 39.5 31.0 45.0 36.3 30.3
Restricted 5.0 7 34.5 28.4 55.0 42.0 313 56.8 36.7 33.5
Mean restricted 29.9 28.3 56.6 40.2 31.3 50.2 37.0 313
Intact 25 3 31.8 30.2 55.8 43.8 334 514 41.0 36.3
Intact 5.0 3 39.7 31.2 57.8 49.0 37.6 51.6 425 38.3
Intact 5.0 7 40.8 335 57.0 46.3 34.3 58.5 41.8 36.4
Mean intact 37.4 31.6 56.9 46.4 35.1 53.8 41.8 37.0
Intact 10.0 3 46.0 35.0 69.4 56.2 44.0 54.6 39.0 38.5
LSD, s 5.6 2.2 4.8 4.0 2.7 10.5 7.8 7.5
Analysis of variance
Variable df Significance

Root 1 0.0001 0.009 0.044 0.0001 0.0001 Ns 0.07 0.0003

C, 2 0.009 0.06 0.002 0.0009 0.0001 NS NS NS

C.. 1 NS NS NS NS NS 0.03 NS NS

Rootx C, 1 NS NS NS NS NS NS NS NS

Rootx C, 1 NS NS NS NS NS NS NS 0.013

“Mean intact based on the first three treatments of intact-root plants.
“Nonsignificant aP = 0.05.
TOTALWT =5091.9 + 3061.7 ROOT? = 0.51 Both effects were significanP(< 0.0001).

Root restriction increased the dry matter (DM) concentration in
in which ROOT = 1.0 or 0.5 for intact or restricted roots, respabe fruit (Table 3). Measurements of the total soluble solids
tively. The effect of the root treatment is significaP&(0.0001). concentration (TSS) in subsample from each treatment indicated
Such an effect of root restriction on total yield was also reportedthgt root restriction increased the TSS from 4.6% to 6.1% (data not
Bar-Tal et al. (1995). Note that no other parameter, including €§hown because of lack of statistical analysis of this parameter). The
and G, and their ratio, had a significant effect. For the marketalg#fect of root restriction on the DM concentration is probably a
fruit yield, defined as fruit not affected by BER (MARKETWT) result of reduced water uptake by the fruit of restricted-root plants.
the following equation was obtained: Bar-Yosef et al. (1980), reported that a smaller root mass, caused

by increased irrigation frequency reduced fresh fruit yield but did
MARKETWT =6404.3 + 1944.7 ROCGT685.9 C/C_,r>=0.49 not affect fruit dry weight, because the fruit of small-root-volume

Table 5. The effects of root restrictior,,@nd G, on Ca concentration in tomato plant organs (171 days after transplanting).

Treatment Ca concn (mg¥y
C, Cea Leaves of trusses Fruit of trusses
Root (mmol(+)-LY Root Stem 1-2 3-5 6-8 1 4 8
Restricted 25 3 6.7 8.0 45 44 44 1.4 1.7 1.1
Restricted 5.0 3 6.6 7.0 46 48 44 1.3 1.4 0.9
Restricted 5.0 7 10.6 9.5 55 55 52 2.1 1.5 1.2
Mean restricted 8.0 8.2 48.9 49.0 46.7 1.6 1.5 1.1
Intact 25 3 8.9 7.9 45 47 46 1.7 1.7 1.3
Intact 5.0 3 9.6 8.3 47 49 45 1.4 1.7 1.6
Intact 5.0 7 19.0 10.9 55 57 51 1.9 2.0 1.2
Mean intact 12.5 9.0 49.0 51.0 47.3 1.7 1.8 1.4
Intact 10.0 3 7.5 6.6 42 44 41 1.4 1.4 1.0
LSD, o5 3.3 1.0 3.4 55 55 0.35 0.4 0.3
Analysis of variance
Variable df Significance

Root 1 0.003 NS NS NS NS NS NS 0.025

C, 2 0.0001 0.0001 0.0001 0.0002 0.004 NS 0.08 0.010

Ce. 1 0.0001 0.0001 0.0001 0.0002 0.0001 0.0001 nNs NS

Rootx C, 1 NS 0.020 NS NS NS NS NS NS

Rootx C_, 1 NS NS NS NS NS NS NS 0.003

“Mean intact based on the first three treatments of intact-root plants.
“Nonsignificant aP = 0.05.
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Table 6. The effects of root restrictior, Gnd G, on K/Ca ratio in tomato plant leaves (171 days after transplanting) and fruit.

Treatment K/Ca ratio
C, Ce. Leaves of trusses Fruit of trusses
Root (mmol(+)-LY 1-2 3-5 6-8 1 4 8
Restricted 25 3 1.23 0.89 0.72 34.9 22.3 27.4
Restricted 5.0 3 1.29 0.82 0.70 34.6 25.9 33.7
Restricted 5.0 7 1.00 0.76 0.60 27.0 24.5 27.9
Mean restricted 1.17 0.82 0.67 32.2 24.2 29.7
Intact 25 3 1.24 0.93 0.73 30.2 24.1 27.9
Intact 5.0 3 1.23 1.00 0.84 36.9 25.0 23.9
Intact 5.0 7 1.04 0.81 0.67 30.8 20.9 30.3
Mean intact 1.17 0.91 0.75 32.6 23.3 27.4
Intact 10.0 3 1.65 1.28 1.07 39.0 27.9 38.5
LSD, o5 0.14 0.11 0.11 5.4 3.6 4.4
Analysis of variance
Variable df Significance

Root 1 0.014 0.0001 0.002 NS NS NS

C, 2 0.0001 0.0001 0.0001 0.07 0.09 0.0007

Cea 1 0.043 0.043 0.01 0.01 0.11 NS

Rootx C, 1 NS NS NS NS NS NS

Rootx C_, 1 NS NS NS NS NS NS

“Mean intact based on the first three treatments of intact-root plants.
“Nonsignificant aP = 0.05.

plants had a higher dry matter concentration. Ehret and Ho (1988aij of truss 8. Raising G from 3.0 to 7.0 mmol-L significantly
reported that increased salinity of the solution up to 17 mS-cadecreased the K/Ca ratio in the leaves and the fruit of truss 1. Root
reduced fruit fresh weight but had no effect on its dry weighestriction significantly reduced the K/Ca ratio in the leaves but
Potassium and calcium concentrations in the solution had haa no significant effect on this ratio in the fruit.
significant effect on the DM concentration in the fruit (Table 3). Although the relationship between Ca concentration in tomato
Nutrient concentration in plant organBotassium concentra-fruit and the incidence of BER is well known (van der Boon, 1973;
tion in tomato plant organs decreased as a function of plant ¥jasor and Adams, 1987), we found a very poor correlation
(data not shown) and leaf position on the plant (Table 4),batween the incidence of BER, the concentrations of Ca and K and
agreement with previous results for the same cultivar (Bar-Yogék K/Ca ratio, in fruit samples from trusses 1, 4, and 8. There was
1990, unpublished data). Raising @om 2.5 to 5 and to 10 a good correlation between the incidence of BER and K concentra-
mmol-L*generally increased the K concentration in root, stem aiwh in the leaves adjacent to trusses 3-5 and' 6=8.65 and 0.69,
leaves, but had no significant effect on K concentration in ripe fregspectively, witht = 0.0001. A lower correlation was found
(Table 4). Ca concentration in the solution had no significant effeettween the incidence of BER and Ca concentration in these
on K concentration in these organs, butincreased itin the fruit of triessves:r = —0.48 and —0.54 with= 0.004 and 0.001. A higher
1. Aninteractive effect of Gand root restriction on K concentratiorcorrelation was found between the incidence of BER and the K/Ca
in the fruit of truss 8 was found; increased €lightly increased K ratio in these leaves:= 0.82 and 0.79 with= 0.0001.
concentration inthe fruit of root-restricted plants, but had the oppositéAlthough the Ca supply to the fruit is considered to be an
effect on the fruit of intact-root plants. Root restriction significantijnportant factor in the occurrence of BER, efforts to define critical
reduced K concentration in the root, stem, leaves and fruit,values or even to correlate BER incidence with Ca concentration
agreement with previous results (Bar-Tal et al., 1995). or K/Ca ratio in fruit have not succeeded (Chiu and Bould, 1976).
Calcium concentration in plant organs increased with plant adee possible reasons are
(data not shown), but there was no significant effect of leaf positibn The tomato fruit is susceptible to the Ca concentration and the
on leaf Ca concentration (Table 5). Calcium concentration in theK/Ca ratio during a very specific short period in its early
fruit was much lower than in the leaves. Increasipgkove 5 development (Ehret and Ho, 1986b; Ho, 1989; Ho et al., 1993).
mmol-L*reduced the Ca concentration of root, stem, leaf and fr2jt The Ca concentration in the fruit is very low and varies with the
of truss 8. Raising Csignificantly increased the Ca concentration distance from the distal part to the blossom end (Ehret and Ho,
in all plant vegetative organs and the fruit of truss 1. Root 1986b; Ho et al., 1987).
restriction reduced Ca concentration in the roots but, in contrast taCalcium concentration and the K/Ca ratio in the leaves have
its effect on potassium concentration, it had no significant effectlmeen considered poor indicators of Ca concentration and K/Ca
Ca concentration in the stem, leaves and fruit, excepting the fratto in the fruit, because Ca transport from leaves to fruit is
of truss 8. negligible (Ho etal., 1987; Ho et al., 1993). Nevertheless, our data
The reduction in K concentration (Table 4) and the increaseshtiow that K and Ca concentrations and their ratio in the leaves
Ca concentration (Table 5) as a function of plant age and ladfacent to the studied truss provided an indication of BER
position, brought up a decrease in the K/Ca ratio in tomato plartidence.
organs as a function of plant age (data not shown) and leaf positioRate of potassium and calcium uptakée relationship be-
on the plant (Table 6). Raising @om 2.5 to 5 and to 10 mmot-L tween G and K uptake rate per root fresh weigh},(55 and 163
! significantly increased the K/Ca ratio in the leaves and the rgpafter transplanting, is presented in Fig. was higher in the
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25 o - T this parameter. According to Bar-Yosef et al. (1993, unpublished
A RESERICTED data) anincrease in K concentration in the irrigation water from 3.2
n 55 DAT ... A~~~ " to 10.7 mmol-E did not result in an increased K uptake rate, in
e T J agreement with the curve in Fig. 1. Root restriction did not affect
K I, (Fig. 1), although it enhanced N uptake rate per unit root fresh
15 ¢ { T | =1 C l’(Km+CK) Welght (Bar-TaI etal., 1995)
A e The relationship between,@nd Ca uptake rate per unit root
10 | - . fresh weight (1), 55 and 163 d after transplanting, is presented in
; 163 DAT | Fig. 2. Like|, I.,was usually greater in the younger than in older
T plants. In young plantg Idecreased linearly ag @creased from
51/ 2 ' 2.5t0 10.0 mmol-ttwhereas, in the older plantgwas unaffected
by C,. Raising G from 3 to 7 mmol-t*enhanced., in agreement
Qi R . | with the higher Ca concentration in plant organs obtained in this
0 5 4 6 ] 10 1»  treatment. Rootrestriction decreased Ca upt_ake rate per plant (data
not shown), but there was a trend of an increasebyl root
restriction combined with low C This phenomenon is consistent
with the ability of the restricted-root plants to maintain Ca concen-

Fig. 1. Potassium uptake rate per unit root fresh weight of tomato plant as afunéﬁg}]ilons In pIant organs Slm"ar_ t‘? those in mtac.t—rqc')'[ plants.
of K concentration in the solution. The vertical bars.a®, .. The lines are However, the effect of root restriction o(g\lrvas not S|gn|f|cant.

calculated by a Michaelis-Menten model with parameters fitted to the observed

20 | & INTACT

Ix(pmelfg root tw day)
»

K CONCENTRATION (mma/l)

results by the NLIN procedure (SAS Institute, Cary, N.C.). Conclusions
55 DAT (26/1) 163 DAT (13/5) Although root restriction reduced both DM production and K

Ko Finax Ko Finax concentration in plant organs, even the lowest values of K concen-
Parameter mmol't  mmol-ghd®  mmol-L"  mmol-g“d"  tration found in the leaves of the upper trusses of root-restricted
Value 2.2 24.3 1.57 8.4 plants were above the deficiency range. The reduction in DM
SE 0.21 0.74 0.60 0.86  production following root restriction could not be compensated by
T 10.6 32.7 26 18.4 elevating C, above 3 mmol(+)t* or increasing ¢ above 2.5
Probability 0.001 0.001 0.1 0.001  mmol-LL
SEE 0.36 0.49 The results of the present study indicate that root restriction

improved two fruit-quality parameters: it raised the DM concen-

younger than in the older plants, in agreement with publisheation in the fruit and it reduced BER incidence. The effect of root

results (Clarkson et al., 1968; Warncke and Barber, 1974).réstriction on the DM concentration is probably a result of reduced

young plants, increasing@om 2.5 to 5.0 mmol-t, increased, water uptake by the fruit of root-restricted plants.

buta further increase in @ 10 mmol-L*affected | only slightly. The reduction of BER incidence by root restriction was prob-

In older plants, the effect of increasing €om 2.5 to 10.0 ably a result of

mmol-L-* was very small, therefore it could not ameliorate tHe Increased number of fruit per leaf area relative to that of the

adverse effects of the restricted root system on the rate of K uptakplants with intact roots. Therefore, root restriction probably

per plant. Calcium concentration had no significant effect on | reduced the Ca transport by transpiration through leaves rela-

(data not shown), as it did not affect either K uptake per plant or Ktive to fruit.

concentration in tomato organs. Root restriction significant®) Reduced growth rate of the fruit of root-restricted plants rela-

reduced the K uptake rate per plant (data not shown) but it had ntive to that of the plants with intact roots.

effect on | 3) Reduced K/Ca concentration ratio in the root-restricted plants
A Michaelis-Menten type equation (Fig. 1) describBd<(

0.005) the relationship betweepdnd C well for intact- and

restricted-root plants together, at the two dates considered. The 15 r— CT B

values of the parametey,| (24.9 and 8.§imol-g*-d?, for the & ' 2 RESTRICTED ‘

young and old plants, respectively) fell in the range of publishec@

. ‘ 4 INTACT
data for four different species (Wild et al., 1974). Bar-Yosef an¢g® 12 R T
Sagiv (1985) estimated a higher maximalvelue, of 110 « b 5 DAT
pmol-g-d?, for greenhouse tomatbycopersicon esculentym & 9T T T T -
‘Grandier’) grown in soil, but a lower value, of giénol-g*d?, o ’ ) T
was found by Bar-Yosefetal. (1992, unpublished data) foranotheg g | l 1 desvpar | -
cultivar of tomato (‘F144"). The values found for the parameter K 3 ) | ‘
(2.22 to 1.57 mmol-t) were appreciably higher than those re- g h

ported for other plant species growing in flowing or well-stirred2 3 |

solution (Barber, 1984). One reason for the gregfes lrobably a ‘

that the mechanism for K uptake differs between the low and hight ¢ b— —— '+ — —1 —— ——2 ——
ranges of solution concentration (up to 0.5 and 50 mmipl-L q ) 4 6 8 10 12
respectively). Epstein et al. (1963) obtaineg Walues of 18

pmol-L*for mechanism | and 16 mmot*for mechanism Il. The K CONCENTRATION (mmo/l)

_Km _Obtained for the older plants, 163 DA_T- was not Signiﬁcarﬁig. 2. Calcium uptake rate per unit root fresh weight of tomato plant as a function
indicating that lower values of Qvere required for estimation of of K concentration in the solution. The vertical barsLatg )
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